Seven serotypes of Klebsiella pneumoniae isolated from different patients demonstrated resistance to the same eight antibiotics. A plasmid carrying resistance determinants to these antibiotics and mercury salts could be transferred in toto to a plasmidless strain of Escherichia coli. All E. coli transconjugants showed the same antibiotic resistance pattern. Digestion with restriction endonucleases yielded patterns that were identical for each of the R-factors transferred from the multiply resistant serotypes. Moreover, deoxyribonucleic acid-deoxyribonucleic acid hybridization demonstrated identity between the probe, pMAC20 (an R-factor from one serotype), and all R-factors isolated from the multiply resistant strains of K. pneumoniae and the E. coli transconjugants tested.
Seven serotypes of Klebsiella pneumoniae isolated from different patients demonstrated resistance to the same eight antibiotics. A plasmid carrying resistance determinants to these antibiotics and mercury salts could be transferred in toto to a plasmidless strain of Escherichia coli. All E. coli transconjugants showed the same antibiotic resistance pattern. Digestion with restriction endonucleases yielded patterns that were identical for each of the R-factors transferred from the multiply resistant serotypes. Moreover, deoxyribonucleic acid-deoxyribonucleic acid hybridization demonstrated identity between the probe, pMAC20 (an R-factor from one serotype), and all R-factors isolated from the multiply resistant strains of K. pneumoniae and the E. coli transconjugants tested.
During a 2-year period, nosocomial infections caused by multiply resistant Klebsiella pneumoniae appeared in the University of Louisville Hospital (M. Raff, unpublished data). R-factor transmission was suspected, since the multiply resistant character was found in several different serotypes of K. pneumoniae (1, 11, 17) . In this study we show that a single R-factor was responsible for the epidemic and persists in our hospital environment. Deoxyribonucleic acid (DNA)-DNA hybridization was used to identify this R-factor in all the K. pneumoniae strains and may prove to be a useful tool in the continuing study of this and future outbreaks of multiply resistant microorganisms.
(This work is a part of the dissertation submitted by M.-A. Courtney to the Graduate Faculty of the University of Louisville in partial fulfillment of the requirements for the Ph.D. degree.)
MATERIALS AND METHODS
Bacterial strains and plasmids. The antibiograms of the original K. pneumoniae clinical isolates, the respective Escherichia coli transconjugants, and the plasmid designations are given in Table 1 . The Kirby-Bauer method (2) was used to determine antibiotic susceptibility. Serotypes were determined by a Quellung reaction with capsule typing sera (3 10 U of one of several restriction endonucleases (Miles Laboratories, Inc.) for 1 h at 37°C under conditions (pH, salt concentration) recommended by the supplier. Endonuclease-generated restriction fragments of the plasmid DNA were then resolved by electrophoresis through a 0.8% agarose gel.
Nick translation and Southern blotting. Standard procedures were used for nick translation (9) and subsequent Southern blotting (15) .
RESULTS
Nature of the epidemic. The multiply resistant K. pneumoniae strains used in this study were collected from several wards over a 2-year (Fig. 1) was used. Since EcoRI digestion of all the Rfactors isolated from the different transconjugants resulted in identical fragment patterns (a miniimum of 10 fragments), we concluded that only one R-factor DNA species was responsible for the outbreak of multiply resistant K. pneumoniae in our hospital. A more intensive investigation using DNA homology by Southern blotting and DNA-DNA hybridization showed identity between the R-factor pMAC20 and every restriction fragment of each isolated R-factor (Fig. 2) . This added evidence clearly indicates that the R-factor DNAs isolated from the different transconjugants were identical.
Monitoring clinical isolates for the R-fac- tor. Agarose gel electrophoresis of covalently closed circular DNA from clinical isolates of K. pneumoniae revealed that some of these strains contained more than one plasmid species. It was not clear which of these plasmid species was involved with the multiply resistant character. Using the sensitive Southern blotting technique (15), we were able to identify which of the plasmid species was the R-factor in the clinical isolates and to demonstrate that all K. pneumoniae isolates contained the identical R-factor purified from the transconjugants. Hybridization was performed using as a probe the R-factor pMAC20 that was purified from the transconjugant strain LUE2001 (Table 1) . This plasmid was used as the representative R-factor DNA because of the degree of identity (homology) shown above. In alternate experiments, other Rfactor isolates gave the same results as those presented for pMAC20 (data not shown). Plasmid DNA from all clinical isolates of K. pneumoniae had identity with pMAC20 as shown by the autoradiograph (Fig. 3) . Moreover, the restriction fragment patterns were identical to those of pMAC20 itself (Fig. 1) . Although many restriction fragments were present from plasmid DNA purified from clinical isolates, 10 fragments were common between these isolates and pMAC20 DNA. Since the remaining fragments did not hybridize with pMAC20, we conclude that these other plasmids were unrelated to the R-factor and were not transferred in conjugation experiments. soon as a new drug is introduced, microorganisms might develop resistance. This prompted Lowbury and Ayliffe (10) to suggest that we may see the decline of useful antibiotic therapy in 40 years. The problem becomes more complex for two reasons. First, the resistance is usually multiple, such that an organism may carry resistance to at least eight antibiotics (this study); therefore, the course of therapy is sometimes very difficult. Second, this multiple-resistance trait is usually an R-factor and is often self-transmissible, and thus may be harbored in many genera of the enteric bacilli, common members of hospital flora. If there is to be any hope of controlling these R-factors, the exact nature of their epidemiology must be determined.
DISCUSSION
In caused by a single plasmid. This R-factor was isolated from six different K. pneumoniae strains. All the isolates had a different serotype, they were isolated during a 2-year period from different wards of the hospital, and yet they all contained the same R-factor, as shown by DNA-DNA hybridization using the Southem blotting technique. In recent experiments we have demonstrated that pMAC20 has homology to the well-characterized R-factor NRl, which is also called R100 and R222 (M.-A. Courtney, J. R. Miller, and U. N. Streips, submitted for publication). Most importantly, the reservoir of this R-factor and how it was spread through the hospital environment should be determined. We feel that the use of the sensitive techniques presented in this study will allow the constant screening of the hospital environment and even personnel for the presence of such factors. We are presently using the representative plasmid (pMAC20) and hybridization with blots of endonuclease-digested total DNA from multiply resistant bacterial isolates to perform such screening procedures (experiments in progress).
